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(57) ABSTRACT 

A method and System for Selecting formant trajectories 
based on input Speech and corresponding text data. The 
input Speech is analyzed to obtain formant candidates for the 
respective time frame. The text data corresponding to the 
input Speech is converted into a sequence of phonemes 
which are then time aligned Such that each phoneme is 
temporally labeled with a corresponding Segment of the 
input Speech. Nominal formant frequencies are assigned to 
a center timing point of each phoneme and target formant 
trajectories are generated for each time frame by interpolat 
ing the nominal formant frequencies between adjacent pho 
nemes. For each time frame, at least one formant candidate 
that is closest to the corresponding target formant trajecto 
ries is Selected according to a minimum cost factor. The 
Selected formant candidates are output for Storage or further 
processing in Subsequent speech applications. 

19 Claims, 10 Drawing Sheets 
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FORMANT TRACKING BASED ON 
PHONEME INFORMATION 

FIELD OF THE INVENTION 

The invention relates generally to the field of Speech 
Signal processing, and more particularly, concerns formant 
tracking based on phoneme information in Speech analysis. 

BACKGROUND OF THE INVENTION 

Various speech analysis methods are available in the field 
of Speech Signal processing. A particular method in the art is 
to analyze the Spectrograms of particular Segments of input 
Speech. The Spectrogram of a speech Signal is a two 
dimensional representation (time vs. frequency), where 
color or darkness of each point is used to indicate the 
amplitude of the corresponding frequency component. At a 
given time point, a croSS Section of the Spectrogram along 
the frequency axis (spectrum) generally has a profile that is 
characteristic of the Sound in question. In particular, for 
Voiced Sounds, Such as vowels and vowel-like Sounds, each 
has characteristic frequency values for Several Spectral peaks 
in the spectrum. For example, the vowel in the word “beak.” 
is signified by spectral peaks at around 200 Hz and 2300 Hz. 
The Spectral peaks are called the formants of the Vowel and 
the corresponding frequency values are called the formant 
frequencies of the vowel. A "phoneme” corresponds to the 
Smallest unit of Speech Sounds that Serve to distinguish one 
utterance from another. For instance, in the English 
language, the phoneme lit corresponds to the Sound for the 
“ea' in “beat.” It is widely accepted that the first two or three 
formant frequencies characterize the corresponding pho 
neme of the Speech Segment. A “formant trajectory' is the 
variation or path of particular formant frequencies as a 
function of time. When the formant frequencies are plotted 
as a function of time, their formant trajectories usually 
change Smoothly inside phonemes corresponding to a Vowel 
Sound or between phonemes corresponding to Such vowel 
Sounds. This data is useful for applications Such as text-to 
speech generation (“TTS") where formant trajectories are 
used to determine the best Speech fragments to assemble 
together to produce Speech from text input. 

FIG. 1 is a diagram illustrating a conventional formant 
tracking method in which input Speech 102 is first processed 
to generate formant trajectories for Subsequent use in appli 
cations Such as TTS. First, a spectral analysis is performed 
on input speech 102 (Step 104) using techniques, such as 
linear predictive coding (LPC), to extract formant candi 
dates 106 by solving the roots of a linear prediction poly 
nomial. A candidate selection process 108 is then used to 
choose which of the possible formant candidates is the best 
to save as the final formant trajectories 110. Candidate 
Selection 108 is based on various criteria, Such as formant 
frequency continuity. 

Regardless of the particular criteria, conventional Selec 
tion processes operate without reference to text data asso 
ciated with the input Speech. Only after candidate Selection 
is complete are the final formant trajectories 110 correlated 
with input text 112 processed (formant data processing Step 
114) to generate, e.g., an acoustic database that contains the 
processed results associating the final formant data with text 
phoneme information for later use in another application, 
Such as TTS or Voice recognition. 

Conventional formant tracking techniques are prone to 
tracking errors and are not Sufficiently reliable for unsuper 
vised and automatic usage. Thus, human Supervision is 
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2 
needed to monitor the tracking performance of the System by 
Viewing the formant tracks in a larger time context with the 
aid of a spectrogram. Nonetheless, when only limited infor 
mation is provided, even human-Supervised Systems can be 
as unreliable as conventional automatic formant tracking. 

Accordingly, it would be advantageous to provide an 
improved formant tracking method that Significantly reduces 
tracking errors and can operate reliably without the need for 
human intervention. 

SUMMARY OF THE INVENTION 

The invention provides an improved formant tracking 
method and System for Selecting formant trajectories by 
making use of information derived from the text data that 
corresponds to the processed Speech before final formant 
trajectories are Selected. According to the invention, the 
input Speech is analyzed in a plurality of time frames to 
obtain formant candidates for each time frame. The text data 
corresponding to the input Speech is converted into a 
Sequence of phonemes. The input Speech is Segmented by 
putting in temporal boundaries. The Sequence of phonemes 
is aligned with a corresponding Segment of the input Speech. 
Predefined nominal formant frequencies are then assigned to 
a center point of each phoneme and this data is interpolated 
to provide target formant trajectories for each time frame. 
For each time frame, the formant candidates are compared 
with the target formant trajectories and candidates are 
Selected according to one or more cost factors. The Selected 
formant candidates are then output for Storage or further 
processing in Subsequent speech applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional features and advantages of the invention will 
become readily apparent from the following detailed 
description of a presently preferred, but nonetheless illus 
trative embodiment when read in conjunction with the 
accompanying drawings, in which like reference designa 
tions represent like features throughout the enumerated 
Figures, and where: 

FIG. 1 is a flow diagram illustrating a conventional 
method of Speech Signal processing, 

FIG. 2 is a flow diagram illustrating one method of speech 
Signal processing according to the invention; 

FIG. 3 is a flow diagram illustrating one method of 
performing the Segmentation phase of FIG. 2; 

FIG. 4 is an exemplary table that lists the identity and 
timing information for a Sequence of phonemes, 

FIG. 5 is an exemplary lookup table listing nominal 
formant frequencies and the confidence measure for Specific 
phonemes, 

FIG. 6 is a table showing interpolated nominal formant 
frequencies, 

FIG. 7 is a flow diagram illustrating a method of per 
forming formant candidate Selection according to the inven 
tion; 

FIG. 8 is a diagram illustrating the mapping of formant 
candidates and the cost calculations acroSS two adjacent time 
frames of the input Speech according to the invention; and 

FIGS. 9A and 9B are block diagrams illustrating a com 
puter console and a DSP System, respectively, for imple 
menting the method of the invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 2 is a diagram illustrating preferred form for the 
general methodology of the invention. Referring to the 
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figure, a spectral analysis is performed on input speech 212 
in a plurality of time frames in Step 214. The interval 
between the frames can vary widely but a typical interval is 
approximately 5 milliseconds. In a preferred embodiment of 
the invention, Spectral analysis 214 is performed by pre 
emphasizing certain portions of the frequency spectrum 
representing the input Speech and then using linear predic 
tive coding (LPC) to extract formant candidates 216 for each 
frame by Solving the roots of a linear prediction polynomial. 
Input Speech 212 is pre-emphasized such that the effect of 
glottal excitation and lip radiation to the Spectrum is can 
celed. By doing this, the pre-emphasized speech will contain 
only the portions from the Vocal tract, the shape of which 
determines the formants of the input Speech. Pre-emphasis 
and LPC processes are well known in the art of Speech Signal 
processing. Other techniques for generating formant candi 
dates known to those skilled in the art can be used as well. 

In addition to processing Speech, the corresponding text is 
also processed. Input text 220, which corresponds to input 
Speech 212, is converted into a Sequence of phonemes which 
are time aligned with the corresponding Segment of input 
speech 212 (Step 222). Target formant trajectories 224 
which best represent the time-aligned phonemes are gener 
ated by interpolating nominal formant frequency data for 
each phoneme across the time frames. Formant candidates 
216 are compared with target formant trajectories 224 in 
candidate Selection 226. The formant candidates that are 
closest to the corresponding target formant trajectories are 
Selected as final formant trajectories 228, which are output 
for Storage or another Speech processing application. 

The methodology of the invention is described herein and 
also in “Formant Tracking using Segmental Phonemic 
Information’, a presentation given by the inventors of the 
invention at Eurospeech 99, Budapest, Hungary on Sep. 9, 
1999, the eritirety of which is incorporated by reference 
herein. U.S. Pat. No. 5,751,907 to Moebius et al., having 
common assignee and inventorship as the invention, is also 
incorporated by reference herein. 

Segmentation phase 222 is described in further detail with 
reference to FIG. 3. Input text 220 is converted into pho 
neme Sequences 324 in a phonemic transcription Step 322 by 
breaking the input text 220 into phonemes (Small units of 
speech Sounds that distinguish one utterance from another). 
Each phoneme is temporally aligned with a corresponding 
Segment of input Speech 212 in Segmentation Step 326. 
Based on the temporal alignment, phoneme boundaries 328 
are determined for each phoneme in phoneme Sequences 324 
and output for use in a target formant trajectory prediction 
step 332. 
A typical output table that lists the identity and temporal 

end points (phoneme boundaries 328) for Specific phoneme 
sequences is shown in FIG. 4. Referring to the figure, line 40 
(** *s"E D& s”E * “OtiNg"l) is the phonemic transcription 
(in ASCII text) of a specific segment of input text, “See the 
Sea oting guy.” The columns 42, 44, 46 contain the phonemic 
transcription, phonemes and corresponding timing end 
points or phoneme boundaries in Seconds, respectively. The 
table data can be generated manually using computer tools 
or by automatic Segmentation techniques. Since the pho 
neme boundaries of individual phonemes are known, the 
center points can be easily calculated. Preferably, the center 
points are Substantially the center time between the Start and 
end points. However, the exact value is not critical and can 
be varied as needed and desired. 

Referring back to FIG. 3., using the center points of each 
phoneme, the phonemes are temporally aligned with the 
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4 
corresponding Segments of input Speech 212. Nominal for 
mant frequencies are then assigned to the center point of 
each phoneme in phoneme Sequences 324. Nominal formant 
frequencies that correspond to specific phonemes are known 
and can be Supplied via a nominal formant frequency 
database 330 which is commonly available in the art. 

According to a further aspect of the invention a confi 
dence measure can also be Supplied for each phoneme entry 
in the database. The confidence measure is a credibility 
measure of the value of the nominal formant frequencies 
Supplied in the database. For example, if the confidence 
measure is 1, then the nominal formant frequency is highly 
credible. An exemplary table listing nominal formant fre 
quencies and a confidence measure for Specific phonemes is 
shown in FIG. 5. Confidence measure (CM) for specific 
types of phonemes (column 52), and three nominal formant 
frequencies F, F, and F (columns 54, 56, and 58, 
respectively), are correspondingly listed for each phoneme 
in the “Symbol” column (50). An exemplary phoneme 
symbol in the Symbol column is /i/, which is the vowel “ea” 
in the word “beat.” In a specific embodiment of the 
invention, CM is 1.0 for pure voiced sounds, 0.6 for nasal 
sounds, 0.3 for fricative sounds, and 0 for pure unvoiced 
Sounds. 

Referring back to FIG.3, the nominal formant frequencies 
of the phonemes (e.g., obtained from the table in FIG. 5) are 
assigned to the center point of each phoneme in Step 332 
(target formant trajectory prediction). The nominal formant 
frequencies and the confidence measure (CM) are then 
interpolated from one center point to the next in phoneme 
sequences 324. Preferably, the interpolation is linear. Based 
on the nominal formant frequencies assigned to each 
phoneme, a number of time points are “labeled to mark the 
time frames of the input Speech in a time VS. frequency 
asSociation with individual phonemes in phoneme 
Sequences 324, each label being accompanied by its corre 
sponding nominal formant frequencies. Based on the timing 
information, target formant trajectories 224 are generated by 
resampling the linearly interpolated trajectories of nominal 
formant frequencies and confidence measures localized at 
the center points of the phonemes. 
The target formant trajectories 224 are then used to 

improve the formant candidate selection. FIG. 6 is a table 
that shows an exemplary output that lists the target phoneme 
information for individual phonemes in various time frames. 
Referring to the figure, the timing information for individual 
phonemes in phoneme Sequences 324 is shown in the “time” 
column (60), the confidence measure in the “CM” column 
(62), and nominal formant frequencies in the F, F, and F. 
columns, 64, 66, and 68, respectively. 

FIG. 7 is a flow diagram illustrating the formant candidate 
Selection process in further detail. Referring to the figure, 
target formant trajectories 216 are first mapped to specific 
time frames of input speech 212 in Step 704. Input speech 
212 is analyzed in a plurality of time frames, where formant 
candidates 216 are obtained for each respective time frame. 
Target formant trajectories 224 are generated for each time 
frame by interpolating the nominal formant frequencies 
between adjacent phonemes of the text data corresponding 
to input Speech 212. Formant candidate, Selection is then 
performed for each time frame of input speech 212 by 
Selecting the formant candidates which are closest to the 
corresponding target formant trajectories in accordance with 
the minimum of one or more cost factors. 
Numerous combinations of formant candidates 21 6 are 

possible in Selecting the formant candidates for all the time 
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frames of input speech 212. The first step in formant 
candidate Selection is to map formant candidates 216 with 
time frames of input speech 212, as shown in Step 704. 
Formant candidate Selection is preferably implemented by 
choosing the best set of N final formant trajectories from n 
formant candidates over k time frames of input Speech 212. 

For each frame of input Speech 212, there are L ways to 
map or assign formant candidates 216 to final formant 
trajectories 228. The L. mappings from n formant candidates 
to N final formant trajectories are identified as: 

n (Eq. 1) 

where n is the number of formant candidates obtained during 
Spectral analysis, i.e., the number of complex pole pairs 
obtained by calculating the roots of a linear prediction 
polynomial (Step 214 of FIG. 2), and N is the number of 
final formant trajectories of interest. 

For each frame of input speech 212, formant candidates 
216 are compared with target formant trajectories 224 in 
Step 706. The formant candidates which are closest to target 
formant trajectories 224 are Selected as final formant trajec 
tories 228. In Such an evaluation process, formant candidates 
216 are selected based on "costs.” Acost is a measure of the 
closeness, or conversely the deviation, of formant candidates 
216 with respect to target formant trajectories 224. The 
“cost' value assigned to a formant candidate reflects the 
degree to which the candidate Satisfies certain restraints Such 
as continuity between speech frames of the input Speech. 
The higher the cost, the greater the probability that the 
formant candidate has a larger deviation from the corre 
sponding target formant trajectory. 

For example, it is known that certain formant candidates 
for the vowel “e” are much more plausible than others. In 
formant candidate Selection, a cost is a measure of the 
closeness, or conversely the deviation, of formant candidates 
216 with respect to target formant trajectories 224. In 
formant candidate Selection, certain cost factors, Such as a 
local cost, a frequency change cost, a transition cost, are 
calculated in Steps 708, 710 and 712, respectively. Based on 
the cost factors calculated, the candidates with minimal total 
costs are determined in Step 714. 

The costs can be determined in various ways. A preferred 
method is described below. Final formant trajectories 228 
are then selected from formant candidates 216 that are 
plausible based on the minimal total cost calculation. That is, 
the formant candidates with the lowest cost are Selected as 
target formant trajectories 228. 

Referring to Step 708, the local cost refers to the cost 
associated with the deviation of formant candidates with 
respect to the target formant frequencies, which are the 
formant frequencies of the current time frame Sampled from 
target formant trajectories 224. The local cost also penalizes 
formant candidates with wide formant bandwidth. The local 
cost 2, of the 1" mapping at the k" frame of input speech 
212 is determined based on the formant candidates, F, and 
bandwidths, B, and the deviation from the target formant 
frequencies for the phoneme, Fn (Step 708). The value of 
the local cost can be represented as: 

W 

k = X. (f, But, thiin Fit - Filly (Eq. 2) 
Fn, 

where f3, is an empirical measure that sets the cost of 
bandwidth broadening for the n” formant candidate, v, is 
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6 
the confidence measure, and u, indicates the cost of devia 
tions from the target formant frequency of the n" formant 
candidate. 

Referring to Step 710, the frequency change cost refers to 
the cost in the relative formant frequency change between 
adjacent time frames of input speech 212. The frequency 
change cost, S, between the l" mapping at frame k of 
input speech 212 and the j" mapping at frame (k-1) input 
speech 212 for the n" formant candidate is defined as: 

Fit - F-1 in 
Sklin ={". 

(Eq.3) 

A quadratic cost function provided for the relative formant 
frequency change between the time frames of input speech 
212 is appropriate Since formant candidates vary relatively 
Slowly within phonetic Segments. The quadratic cost func 
tion is provided to penalize any abrupt formant frequency 
change between formant candidates 216 acroSS time frames 
of input speech 212. The use of a Second (or higher) order 
term allows tracking legitimate transitions while avoiding 
large discontinuities. 

Referring to Step 712, the transition cost refers to the cost 
in maintaining constraints on the continuity between adja 
cent formant candidates. The transition cost is calculated to 
minimize the Sharpness of rise and fall of formant candidates 
216 between time frames of input speech 212 so that the 
formant candidates Selected as final formant trajectories 228 
present a Smooth contour in the Synthesized speech. The 
transition cost, 6., is defined as a weighted Sum of the 
frequency change cost of individual formant candidates: 

W (Eq.4) 

Ökti = VX ansklin 

where C, indicates the relative cost of inter-frame frequency 
changes in the n” formant candidate, and the stationarity 
measure () is a similarity measure between adjacent 
frames k-1 and k. The Stationarity measure, , is designed 
to modulate the weight of the formant continuity constraints 
based on the acoustic/phonetic context of the time frames of 
input Speech 212. For example, formants are often discon 
tinuous acroSS Silence-Vowel, vowel-consonant, and 
consonant-vowel boundaries. Continuity constraints acroSS 
those boundaries are to be avoided. Forced propagation of 
formants obtained during interVocalic background noise 
should be avoided. 
The Stationarity measure () can be any kind of simi 

larity measures or inverse of distance measures Such as 
inter-frame spectral distance measures in the LPC or cepstral 
domain. In a specific embodiment of the invention, the 
Stationarity measure () is represented by the relative 
Signal energy (rms) by which the weight of the continuity 
constraint is reduced near the transient region. The Station 
arity measure (up) is defined as the relative signal energy 
(rms) at the current time frame of the input speech: 

inst (Eq.5) 
lik = 

maxiek) in S; 

with rms as the speech energy signal (rms) in the k" time 
frame of input Speech 212. 

In a specific embodiment of the invention, the constants 
C., f, and u, are independent of n. The Values of C, and f, 
are determined empirically, while the value of u is varied to 
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find the optimal weight for the cost of deviation from the 
nominal formant frequencies. 

The minimal total cost is a measure of deviation of 
formant candidates 216 from target formant trajectories 224. 
Final formant trajectories 228 are selected by choosing the 
formant candidates with the lowest minimal total cost. The 
minimal total cost, C, of choosing formant candidates 216 to 
target formant trajectories 224 over k time frames of input 
speech 212, with L. mappings at each time frame, is defined 
S. 

K (Eq. 6) 

FIG. 8 is a diagram illustrating the mapping of formant 
candidates and the cost calculations acroSS two adjacent time 
frames, k-1 and k, of input Speech 212. Referring to the 
figure, there are 1 through L. mappings for time frame 
k-1, and 1 through L. mappings for time frame k. The 
mapping cost of the current time frame is a function of the 
local cost of the previous time frame, the transition cost of 
the transition between previous and current time frames, and 
the mapping cost of the previous time frame. The mapping 
cost, D, for the 1" mapping at the k" time frame in input 
Speech 212 is defined as: 

Dk = k1 + min Yki (Eq.7) jeLk-1 

where 2 is given in Eq. 2, and Y, the connection cost from 
the j. mapping at time frame k-1 to the I" mapping in time 
frame k, is defined by the recursion: 

(Eq. 8) 

The formant candidates with the lowest calculated cost 
are then Selected as final formant trajectories 228 for input 
Speech 212. Final formant trajectories are maximally con 
tinuous while the Spectral distance to the nominal formant 
frequencies at the center point is minimized. As a result, 
formant tracking is optimized and tracking errors are Sig 
nificantly reduced. 

The invention can be implemented in a computer or a 
digital signal processing (DSP) system. FIGS. 9A and 9B are 
Schematics illustrating a computer and a DSP system, 
respectively, capable of implementing the invention. Refer 
ring to FIG. 9A, computer 90 comprises speech receiver 91, 
text receiver 92, program 93, and database 94. Speech 
receiver 91 is capable of receiving input speech, and text 
receiver 92 is capable of receiving text data corresponding 
to the input Speech. Computer 90 is programmed to imple 
ment the method steps of the invention, as described herein, 
which are performed by program 93 on the input speech 
received at Speech receiver 91 and the corresponding text 
data received at text receiver 92. Speech receiver 91 can be 
a variety of audio receiverS Such as a microphone or an audio 
detector. Text receiver 92 can be a keyboard, a computer 
readable pen, a disk drive that reads text data, or any other 
device that is capable of reading in text data. After program 
93 completes the method steps of the invention, the final 
formant trajectories generated can be Stored in database 94, 
which can be retrieved for Subsequent speech processing 
applications. 

Referring to FIG. 9B, DSP system 95 comprises spectral 
analyzer 96, segmentor 97, and selector 98. Spectral ana 
lyZer 96 receives the input Speech and produces as output 
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8 
one or more formant candidates for each of a plurality of 
time frames. Segmentor 97 receives the input text and 
produces a Sequence of phonemes as output, temporally 
aligns each phoneme with a corresponding Segment of the 
input Speech, and associates nominal formant frequencies 
with the center point of a phoneme. Target trajectory gen 
erator 99 receives the nominal formant frequencies, the 
confidence measures, and center points as input and gener 
ates a target formant trajectory for each time frame of the 
input Speech according to the interpolation of the nominal 
formant frequencies and the confidence measures. Selector 
98 receives the target formant trajectory for each time frame 
from segmentor 97 and one or more formant candidates 
from spectral analyzer 96. For each time frame of the input 
Speech, Selector 98 identifies a particular formant candidate 
which is closest to the corresponding target formant trajec 
tory in accordance with one or more cost factors. Selector 98 
then outputs the identified formant candidates for Storage in 
a database, or for further processing in Subsequent Speech 
processing applications. 

Although the invention has been particularly shown and 
described in detail with reference to the preferred embodi 
ments thereof, the embodiments are not intended to be 
exhaustive or to limit the invention to the precise forms 
disclosed herein. It will be understood by those skilled in the 
art that many modifications in form and detail may be made 
therein without departing from the Spirit and Scope of the 
invention. Similarly, any proceSS Steps described herein may 
be interchangeable with other Steps in order to achieve the 
Same result. All of Such modifications are intended to be 
encompassed within the Scope of the invention, which is 
defined by the following claims and their equivalents. 
We claim: 
1. A method for selecting formant trajectories based on 

input Speech corresponding to text data, the method com 
prising the Steps of 

analyzing the input Speech in a plurality of time frames to 
obtain formant candidates for the respective time 
frame; 

converting the text data into a Sequence of phonemes, 
Segmenting the input Speech by putting in temporal 

boundaries, 
aligning the Sequence of phonemes with a corresponding 

Segment of the input Speech; 
assigning nominal formant frequencies to a center point of 

each phoneme, 
generating target formant trajectories for each of the 

plurality of time frames by interpolating the nominal 
formant frequencies between adjacent phonemes, 

for each time frame, Selecting at least one formant can 
didate which is closest to the corresponding target 
formant trajectories in accordance with the minimum of 
at least one cost factor; and 

outputting the Selected formant candidates. 
2. The method of claim 1, wherein the at least one cost 

factor includes a local cost which is a measure of a deviation 
of the formant candidates from the corresponding target 
formant trajectory. 

3. The method of claim 1, wherein the at least one cost 
factor comprises at least one of a minimal total cost, a 
frequency change cost, and a transition cost. 

4. The method of claim 3, the at least one cost factor 
further comprising a mapping cost, wherein the mapping 
cost of a time frame of the input Speech is a function of the 
local cost of a previous time frame, the transition cost of a 
transition between the previous time frame and the time 
frame, and the mapping cost of the previous time frame. 
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5. The method of claim 1, the at least one cost factor 
comprising a transition cost, wherein the transition cost is a 
function of a Stationarity measure, the Stationarity measure 
being a function of a relative Signal energy at a time frame 
of the input Speech. 

6. The method of claim 1, further comprising the step of 
assigning a confidence measure based on the Voice types of 
the phonemes. 

7. The method of claim 6, wherein the voice types of the 
phonemes consist the group of pure voice, nasal Sounds, 
fricative Sounds, and pure unvoiced Sounds. 

8. The method of claim 6, further comprising the step of 
determining a particular confidence measure for each time 
frame by interpolating the confidence measure between 
adjacent phonemes. 

9. The method of claim 1, wherein the formant candidates 
are obtained using linear predictive coding. 

10. The method of claim 1, further comprising the step of 
pre-emphasizing portions of the input Speech prior to the 
analyzing step. 

11. A System for Selecting formant trajectories based on 
Speech corresponding to text data, the System comprising: 

a spectral analyzer receiving the Speech as input and 
producing as output one or more formant candidates for 
each of a plurality of time frames, 

a Segmentor receiving the text data as input and producing 
a Sequence of phonemes as output, each phoneme being 
temporally aligned with a corresponding Segment of the 
input Speech, and having nominal formant frequencies 
asSociated with a center point; 

a target formant generator receiving the nominal formant 
frequencies and center points as input and generating a 
target formant trajectory for each time frame according 
to an interpolation of the nominal formant frequencies, 
and 

a Selector receiving for each time frame the target formant 
trajectory and the at least one formant candidate and 
identifying a particular formant candidate which is 
closest to the corresponding target formant trajectory in 
accordance with at least one cost factor. 

12. The System of claim 11, wherein the Spectral analyzer, 
the Segmentor, the target formant generator and the Selector 
are implemented on one of a general purpose computer and 
a digital Signal processor. 

13. The system of claim 11, wherein the at least one cost 
factor includes a local cost which is a measure of a deviation 
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of the formant candidates from the corresponding target 
formant trajectory. 

14. The system of claim 11, wherein the at least one cost 
factor comprises at least one of a minimal total cost, a 
frequency change cost, and a transition cost. 

15. The system of claim 11, wherein the segmentor 
assigns a confidence measure to a center point of each 
phoneme. 

16. The system of claim 15, wherein the confidence 
measure is dependent on Voice types of the phonemes. 

17. The system of claim 11, wherein the selector identifies 
the formant candidates by linear predictive coding. 

18. A method of Selecting formant trajectories based on 
input speech and corresponding to text data, the method 
comprising the Steps of: 

Segmenting the text data comprising the Substeps of; 
converting text data into a phonemic Sequence; 
aligning temporally the input Speech into a plurality of 

time frames with the phonemic Sequence to form 
individual phonemes divided by phoneme bound 
aries, 

calculating center points between the phoneme bound 
aries, and 

assigning nominal formant frequencies to the center 
points of each phoneme in the phoneme Sequence; 

interpolating the nominal formant frequencies over the 
plurality of time frames to generate a plurality of target 
formant trajectories, 

calculating a plurality of formant candidates for each time 
frame from the input Speech by applying Linear pre 
dictive coding techniques, and 

Selecting a particular formant candidate from the plurality 
of formant candidates for each time frame which is 
closest to the corresponding target formant trajectories 
in accordance with the minimum of at least one cost 
factor. 

19. The method of claim 18, wherein the assigning 
nominal formant frequencies Step the nominal formant fre 
quency is associated with a confidence measure indicating 
the credibility of the nominal formant frequency, 

wherein the interpolating Step further includes interpolat 
ing the confidence measure over the plurality of time 
frames. 


